ABSTRACT. An economically important marine fish species, the giant grouper Epinephelus lanceolatus (Serranidae) is widely cultured in Taiwan and costal areas of China. We isolated and characterized 32 polymorphic microsatellite loci from a CAenriched genomic library of giant grouper. The number of alleles per locus ranged from 3 to 7, with a mean of 4.69. Observed and expected heterozygosities per locus varied from 0.387 to 1.000 and from 0.377 to 0.843, respectively. Six loci significantly deviated from Hardy-Weinberg equilibrium. After sequential Bonferroni's correction, only two loci showed deviation from Hardy-Weinberg
Giant grouper, Epinephelus lanceolatus, a large reef-dwelling fish species belonging to the family Serranidae (Nelson, 1994) , is distributed throughout most tropical and temperate marine areas in the Indo-Western Pacific and Indian Oceans (Zeng et al., 2008) . Attributing to its high economic and medicinal value, giant grouper has been widely cultured in Taiwan, and there has also been an increase in aquaculture practices in mainland China. The life history of giant grouper is typical of many other groupers, encompassing late reproduction, sex reversal, high degree of territoriality and cannibalism, which make it exceedingly susceptible to overharvest and habitat destruction (Heemstra and Randall, 1993; Morris et al., 2000) . As a consequence, this species has been listed as Vulnerable on the Red List of the IUCN since the mid-1990s (www. iucnredlist.org).
To provide effective conservation and sustainable utilization of giant grouper, it is particularly important to study the population genetic diversity and population structure of this species. Previous studies on giant grouper mainly focused on the molecular mechanism of growth factors function (Dong et al., 2010) and intracohort cannibalism (Hseu et al., 2004) , while little information is available on population genetics, due to the lack of enough molecular markers. At present, microsatellites have been proven to be a favorable molecular marker in the field of fisheries and aquaculture, owing to their traits of co-dominance, high polymorphism and relatively small size (Chistiakov et al., 2006) . In this study, 32 new microsatellite loci in giant grouper were isolated and characterized. We believe that these microsatellites can be used for the population genetic study of giant grouper.
Genomic DNA was extracted from the fin tissues of two unrelated individuals, using the method of standard proteinase K/phenol extraction (Sambrook and Russell, 2001) . Construction of microsatellite library was performed according to the protocol of Zane et al. (2002) with some modifications. A total of 500 ng genomic DNA were digested with MseI restriction enzyme (New England Biolabs, USA) in a 25-μL volume. Fragments with a length of 300-800 bp were isolated from an agarose gel and then ligated to MseI adaptors: oligo A (5'-TACTCAGGACTCAG-3') and oligo B (5'-GAC-GATGAGTCCTGAG-3'), using T4 DNA ligase (New England Biolabs). The product was subsequently amplified with adaptor-specific primers (5'-GATGAGTCCTGAG-TAAN-3', MseI-N) in a total volume of 20 μL containing: 10 μL Ex-Taq premix buffer (TaKaRa, Dalian, China), 1 μM MseI-N, and 5 μL diluted digestion-ligation DNA. PCR amplification was performed as follows: 94°C for 5 min followed by 21 cycles of 94°C for 30 s, 53°C for 1 min and 72°C for 45 s, with a final extension at 72°C for 5 min. The PCR product was purified with the Wizard PCR clean-up system (Promega, USA) and hybridized with 100 nM biotin-labeled (CA) 15 probe at 60°C for 1 h after 5 min of denaturation. Streptavidin-coated magnetic beads (Promega) were used to selectively capture sequences containing TG repeats, and later, specific DNA was eluted from the beads by denaturation at 95°C. The eluted DNA was amplified again using the same cycling program as before. After purification using the Wizard PCR clean-up system (Promega), the DNA products were cloned into pMD18-T vector (TaKaRa) and transformed into Escherichia coli DH5α competent cells. Transformed cells were plated on LB agar containing ampicillin, IPTG and X-gal used for blue/white selection and incubated at 37°C for 12 h. Positive clones were randomly selected and sequenced using an ABI PRISM 3730 automated DNA sequencer (Applied Biosystems).
A total of 186 positive clones were screened and sequenced, in which 65 with enough flanking sequences were suitable for primer design. Primer pairs were designed using online software PRIMER 3 (Rozen and Skaletsky, 2000) . Characterization of these microsatellites was assessed in a sample of 31 individuals collected from Hainan Province, China. Genomic DNA of each individual was isolated using the Wizard Genomic DNA Purification kit (Promega). PCR amplification was performed in a 20-μL volume containing the following components: 10 μL Ex-Taq premix buffer (TaKaRa), 1 µM of each primer set and 50 ng template DNA. The PCR conditions were 5 min at 94°C followed by 28 cycles of 30 s at 94°C, 40 s at the annealing temperature for each locus (Table 1) and 30 s at 72°C, with a final extension of 5 min at 72°C. Amplified products were separated on an 8% polyacrylamide gel and visualized by silver staining. The size of alleles was identified according to a pBR322/MspI marker (Tiangen, Beijing, China). After screening all loci in the tested population, genotypes of polymorphic loci were scored. Genotyping errors due to null alleles, stuttering and allele dropout were analyzed using MICRO-CHECKER (Van Oosterhout et al., 2004) . Number of alleles at each locus (N A ), observed heterozygosity (H O ) and expected heterozygosity (H E ) were calculated using CERVUS 3.0 (Kalinowski et al., 2007) . Deviation from Hardy-Weinberg equilibrium (HWE) and linkage disequilibrium (LD) at each locus were tested using GENEPOP 4.0 (Rousset, 2008) .
Of the 65 microsatellite loci tested, 32 were shown to be polymorphic, while the other 33 were either monomorphic or failed to amplify target products. Sequences of the polymorphic microsatellite loci have been deposited in GenBank (Accession numbers: JN185622-JN185653). The number of alleles per locus varied from 3 to 7, with an average of 4.69. The observed and expected heterozygosities varied from 0.387 to 1.000 and from 0.377 to 0.843, respectively. Six loci (An 4, An 12, An 14, An 16, An 29 and An 31) significantly deviated from HWE (P < 0.05; Table 1), as MICRO-CHECKER analysis showed no evidence of null alleles, stuttering or allele dropout for all the polymorphic loci, probably due to insufficient sample size or existence of a subpopulation. After sequential Bonferroni correction (Rice, 1989) , only two loci (An13 and An29) still showed significant deviation from HWE (P < 0.0016). No significant LD was detected between any pair of the 32 polymorphic loci. These microsatellite markers will be useful for the study of population genetics and conservation assessment of giant grouper and other related species. 
